blood lactate (v2 and v4) and maximum velocity (v max ) as well as an interval shuttle run test (ISRT) to determine running distance. Based on v2 and v4 and their percentages in relation to v max , three intensity zones were calculated: a low lactate zone (<v2), a lactate accommodation zone (v2 to v4), and a lactate accumulation zone (>v4). Female soccer players have a lower v4 (8.2%), v max (11.3%) and ISRT distance (31.6%). No gender difference was found in v2. In contrast to males, ISRT distance correlates with v max as well as with v2 and v4 in female soccer players. The intensity zones <v2 and >v4 differ between genders. The present study revealed that gender differences increase when the running performance is intermittent including change of directions. In both genders, different relationships between lactate threshold and intermittent shuttle run performance exist. During incremental testing, the running performances of female and male players reflect different distributions of aerobic and anaerobic metabolic pathways. The revealed gender differences should be considered for soccer endurance training. [1, 16] . These correlations show that the lactate threshold contributes to the running performance during matches in both genders differently.
However, for a more soccer-specific assessment of endurance performance, field tests such as intermittent shuttle run tests were developed [15, 20] . In these tests the covered running distance represents players' intermittent shuttle run performance. Considering that intermittent shuttle run performance evaluates both aerobic and anaerobic energy metabolism [19] , it is reasonable that intermittent shuttle run performance correlates with the total running distance [2, 15, 16] .
Previous research has revealed no significant correlation between lactate threshold and intermittent shuttle run performance in professional male soccer players (r=0.28 P>0.05) [12] . In contrast, it has been shown that a correlation exists between lactate threshold and intermittent shuttle run performance in elite female soccer players (r=0.73 P=0.003) [16] . Thus, the results of the previous stud-
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To our knowledge, no previous study has assessed gender differences in lactate threshold and intermittent shuttle run performance in female and male soccer players. Furthermore, no study has investigated the relationships between both endurance characteristics in both genders. Since there is a rapidly growing number of female soccer players, it is interesting to study gender differences from this perspective as well.
The aims of the present study were to assess gender differences regarding lactate threshold and intermittent shuttle run performance in female and male soccer players as well as to investigate the relationships between both endurance characteristics in both genders.
MAtErIALS And MEtHodS
Participants. Fourteen female (1 st division) and thirteen male (4 th division) outfield soccer players participated in this study. These divisions were compared because the training volume is comparable (i.e., 5 times per week for 2 h). Both teams were recruited at the end of the first quarter of the season. All players were free from injury and illness. Table I 
Experimental design
All players completed the following tests within one week: 1) an incremental test to determine two lactate thresholds and 2) an interval shuttle run test (ISRT) to determine the intermittent shuttle run performance. All tests were performed under nearly the same weather conditions (10 to 17°C; 62 to 77% humidity).
Throughout all tests, heart rate was measured at two-second intervals (Suunto t6, Vantaa, Finland) until 60 seconds of recovery and the maximum heart rates (HR max ) were determined.
Incremental test
The incremental test was performed on a dry 400 m outdoor allweather running track with running shoes as reported previously [12] . The track was marked every 50 m with pylons and an acous- were analysed with an automated amperometric-enzymatic analyser (EKF Biosen C_line Sport, Magdeburg, Germany). The criteria for exhaustion were the following: 1) a minimum of 95% of predicted HR max (220-age) or 2) a maximum capillary blood lactate concentration higher than 8 mmol · l -1 [33] . The lactate curves were exponentially fitted and the running velocities at 2 and 4 mmol · l -1 (v2 and v4) were calculated by linear interpolation. The reliability of v2 and v4 has been previously reported [34] . The maximum running velocity (v max ) was also assessed. Based on v2 and v4 and their percentages in relation to v max , three intensity zones were calculated: a low lactate zone (<v2), a lactate accommodation zone (where blood lactate concentration is elevated but production and clearance are in equilibrium) (v2 to v4), and a lactate accumulation zone, where blood lactate production exceeds clearance (>v4) [3, 29] .
Interval shuttle run test
The ISRT was performed outdoors on a dry soccer field with soccer shoes as reported previously [20] . ISRT has been reported previously [18] .
Statistical analysis
Descriptive data (mean±sd) were calculated for all variables after checking for normality with a Kolmogorov-Smirnov test. No further transformation was required. Gender differences were analysed applying an independent two-sample t-test. The magnitudes of all gender differences were evaluated as eta squared [27] . The differences in maximum and recovery heart rates between the two endurance tests were calculated with a paired sample t-test. Additionally, magnitudes were expressed as eta squared as well [27] . The thresholds for small, moderate, and large effects were 0.01, 0.06, and 0.14, respectively [7] . Pearson product-moment correlation coefficients were used to determine the relationships between v2, v4, maximum velocity and ISRT distance. A level of P<0.05 was set for statistical significance. For all statistical calculations SPSS Statistics 19 (IBM, New York, USA) was employed.
rESuLtS
The mean and standard deviation values of all assessed variables are summarized in Table I . No differences regarding age were found between female and male players (P=0.325). The male players were taller (P<0.001) and had a higher body mass (P<0.001) and body mass index (P=0.001) than female players.
Gender differences were found in the incremental test regarding v4 (P=0.003) and maximum velocity (P<0.001), being higher in male compared to female players. There were no gender differences in v2, maximum heart rate, 60 s heart rate recovery and maximum blood lactate concentration (all P>0.05). Additionally, the intensity zones <v2 (P=0.016) and >v4 (P=0.032) differed between genders ( Figure 1 ).
During the ISRT, male soccer players covered a greater running distance compared to female players (P<0.001). No gender differences were evident in maximum heart rate and the heart rate after 60 s of recovery (both P>0.05).
In both genders, differences between the incremental test and the ISRT existed concerning maximum heart rates (females: P<0.001
eta²=0.80; males: P<0.019 eta²=0.38) but not 60 s heart rate recovery (both P>0.05).
The results of the correlation analysis are summarized in Table 2 .
In female soccer players, the maximum velocity of the incremental 
dIScuSSIon
The main findings were that female, compared to male soccer players, have a lower v4 (8.2%) and maximum running velocity (11.3%) during the incremental test, and cover less distance (31.6%) during the ISRT. Moreover, significant correlations were found between both lactate thresholds (v2 and v4) and ISRT distance in female but not in male soccer players.
In female players, the assessed v2 (11.9 km · h ) from another study, reflecting different training statuses [13] . To date there exist no data regarding the distance covered during the ISRT in female soccer players. However, our results (1536 m) are comparable to those of elite female hockey players (1300 m) [19] . In male soccer players, the evaluated v2 and v4 (12.6 and 14.6 km · h However, the ISRT distance (2245 m) of male soccer players is similar as reported before (2210 m) [17] .
With respect to the first aim, our results revealed gender differences in v4 (8.2%) and maximum running velocity (11.3%).
In a similar context, previous research assessed comparable gender differences in endurance running disciplines [26] . For example, the best 10 females in endurance running disciplines (1500 m to marathon) at the Olympic Games in Beijing 2008 were 10 to 20% slower than the males. However, our results indicate much larger gender differences in the ISRT distance (31.6%). Large gender differences were also found by a previous study investigating Yo-Yo test performance (49%) [25] . Supported by previous studies, our results indicate that gender differences increase when the running performance is intermittent and nonlinear. Interestingly, the observed gender differences at the ISRT distance (31.6%) are comparable to those regarding the performed high intensity running distance during competitive matches (33%) [16] . Therefore, gender differences in high intensity running during matches may be explained to a greater extent by intermittent shuttle run performance than by lactate thresholds. Figure 1 shows the gender differences of the three intensity zones for the running performance during the incremental test. The percentage of the zone <v2 was greater in female players compared to the males. Therefore, relative to their maximum running velocity, female soccer players are able to achieve higher intensities without an increase in blood lactate above 2 mmol·l -1
. Also, gender differences exist in the intensity zone >v4, reflecting the fact that male soccer players require more anaerobic glycolytic energy to achieve their maximum running velocity. These observations show that, at least in part, the incremental exercise running performances of female and male players consist of different distributions of aerobic and anaerobic metabolic pathways.
Generally, absolute differences in endurance performance between females and males are explainable by higher body fat (as well as less muscle mass) and maximum oxygen uptake as well as lower levels of haemoglobin in females [28] . Also, a lower training status in female soccer players as a result of a worse infrastructure (e.g., staff, pitches, equipment), as well as less experience and lower quality and quantity of training, may additionally explain our observed gender differences. The gender differences contributing to the three intensity zones may be explainable by different energy metabolisms, higher fat as well as less carbohydrate and amino acid oxidation in females [32] .
Considering our second aim, only in female soccer players were v2, v4 and v max correlated with the ISRT distance (r=0.82 and
r=0.86).
A recent study revealed a correlation between v2 and Yo-Yo test performance (r=0.73 P=0.003) in female soccer players [16] .
In contrast, no correlation was found between v2, v4 and v max and ISRT performance in male soccer players, confirming previous research [12] . These data may hypothetically show that the predominantly aerobic metabolism, as assessed here via the lactate threshold, is more important for intermittent running performance in female than in male soccer players. Male players seem to accomplish their maximum intermittent running performance with aerobic and anaerobic metabolism in a more individual way. Thus, lactate measurements in incremental exercise tests are not valid to predict intermittent shuttle run performance in male soccer players [1, 12] .
At the present time there is no test that allows an accurate assessment of soccer-specific anaerobic power and capacity testing, due to the fact that aerobic and anaerobic metabolism are fundamentally connected to each other [6] . shuttle run performance. Additionally, it may be evaluated how gender differences obtained from performance assessments are related to running activities during matches.
concLuSIonS
The present study demonstrated that female and male soccer players have different endurance characteristics. The results revealed gender differences of 11.3% and 31.6% in incremental and interval shuttle run testing. During incremental testing, the running performances of female and male players reflect different distributions of aerobic and anaerobic metabolic pathways. Gender differences increase when the running performance is intermittent and nonlinear (i.e., soccer specific). From a practical point of view, based on the present findings and our experiences in elite soccer, female soccer training should focus on strength and high intensity endurance training.
